Introduction
Livestock sector play an important role in socio economic development and the national economy of the country. With an overall contribution of ~4% to GDP, livestock sector play an important role in national economy whilst contributing to the nutrition security, household income along with generating gainful employment in the rural areas, particularly among the landless, small and marginal farmers. India's livestock sector is one of the largest in the world and boasts of a huge array of animal genetic resource. As per the 19 th Livestock Census-2012, India is home to a total of 512.05 million livestock population comprising cattle, buffalo, sheep, goat, pig, horse and ponies, mules, donkeys, camels, mithun and yak. India ranks first in milk production, accounting for 18.81 % of world production, achieving an annual output of 165.4 million tonnes during 2016-17
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Journal homepage: http://www.ijcmas.com Infectious diseases have major adverse effects on livestock production, both in terms of economics and on animal welfare. 10-25 % loss in milk production efficiency has been reported in tuberculosis infected animals. Udder infections alone account for annual economic loss of Rs. 6053.21 crores incurred by dairy industry in India. Similarly 10-25 % loss in milk production efficiency has been reported in tuberculosis infected animals. While traditional control measures such as vaccination, treatment and eradication exist, improving the genetic resistance to diseases among livestock populations is an effective alternate strategy as genetic gain is cumulative and permanent. Estimates of the heritability for susceptibility to Bovine Tuberculosis (BTB), MAP infection, Somatic Cell Count (SCC) were 0.18, 0.16 and 0.11 respectively demonstrating genetic variation for susceptibility to various infections in dairy cattle. In livestock, a number of candidate genes coding for proteins with very specific and unique roles in immune responses are potential strong candidates for investigating genetic basis of disease resistance have been investigated on the basis of their association to resistance or susceptibility in certain other diseases and their known role in disease pathogenesis. The advancement in marker research has potential implications in future selection programs if integrated with the complete genetic variant details and production traits of the herd. (Economic Survey, 2016-17) . However livestock productivity and farmers' profits are hampered due of prevalence of several infectious diseases that causes huge economic losses through morbidity and mortality. Improvement in milk production in past few decades has not necessarily resulted in proportionate increase in profits to dairy farmers. In spite of government's efforts to provide veterinary services through a network of physical and human infrastructure; infectious diseases continue to hamper production and productivity of livestock. Prevalent common methods of controlling infection are based on culling of the infected animals, quarantine, vaccination and administration of drugs either therapeutically or prophylactically to a large percentage of population, and control of the movements of the animal and/or animal products (Mantur and Amarnath, 2008; Blasco, 2010) . However, these procedures have inherent shortcomings like increased production costs, and indiscriminate use of prophylactic antibiotics. Further it may trigger the development of antibiotic resistant strains which could lead to more complicated public health problems. In such a case, genetic resistance for disease opens a new window to alleviate the problem. Genetic resistance is the inherent capacity of a host to resist disease when exposed to pathogens, without prior exposure or immunization. A strategy that can be applied to combat infections is to identify cattle which are comparatively resistant/ tolerant to the diseases and delineate the inherent genetic differences in immune response at molecular level. Genetic improvement of disease resistance is a slow, long term process but it could reduce costs incurred in isolation, treatment, and culling of diseased animals. This review highlights the investigations carried out in genes which code for proteins with very specific and unique roles in immune responses against Brucellosis, Tuberculosis, Paratuberculosis, Mastitis, FMD and other infections as potential strong candidates for investigating genetic basis of disease resistance.
Presence of genetic variation to infectious diseases in bovines
Genetic variation in susceptibility to several infectious diseases has been observed in cattle. Estimates of the heritability for susceptibility to Bovine Tuberculosis (BTB), MAP infection, Somatic Cell Count (SCC) were 0.18, 0.16 and 0.11 respectively (Brotherstone et al., 2010 , Hinger et al., 2008 , Mrode et al., 1996 demonstrating genetic variation for susceptibility to various infections in dairy cattle. Between-breed differences have also been reported for several infectious diseases in livestock. Prevalence of bovine tuberculosis and severity of its pathology was reported higher in Bos taurus and crossbreds as compared to Bos indicus cattle (Ameni et al., 2007) . Macrophages from Nellore breed were found more efficient to control Brucella abortus intracellular survival than Holstein (Macedo et al., 2013) . Sahiwal calves were more resistant than Holstein dairy breed calves to tick-borne tropical theileriosis (Glass et al., 2005) . These findings indicate the superiority of indigenous Bos indicus breeds over Bos taurus breeds for disease resistance trait. Prevalence of bTB and severity of its pathology was reported higher in Bos taurus and crossbreds as compared to Bos indicus cattle (Ameni et al., 2007) . Particular pedigree lines of cattle were found to have greater and lesser susceptibility to the disease (Phillips et al., 2002) . Estimates of the heritability of response to M. bovis PPD (purified protein derivative) in Irish herds was 0.2769, while heritability of bTB susceptibility in British herds was estimated as 0.18 (Bermingham et al., 2009 , Brotherstone et al., 2010 . These encouraging findings indicate a role for genetics in a wider risk management strategy. Genes, coding for proteins with very specific and unique roles in immune responses can serve as a useful tool in identifying resistant superior genotypes for the production of new resistant animal population (Allen et al., 2010 , Bermingham et al., 2014 , Tsairidou et al., 2014 . Genes, coding for proteins with very specific and unique roles in immune responses are potential strong candidates for investigating genetic basis of disease resistance.
Brucellosis
Bovine brucellosis whose etiological agent is Brucella abortus is an important zoonotic disease characterized by abortion during the last trimester of pregnancy, which results in impaired fertility and decreased milk production in cows (Carvalho Neta et al., 2009) . Candidate genes/SNPs of cytokines and innate immunity, SLC11A1 microsatellite association has been explored for association with bovine brucellosis. Adams and Templeton, 1998 reported that (GT)13 microsatellite allele at 3'UTR of SLC11A1 has significant association with the natural resistance to brucellosis in cattle. Barthel et al., (2001) showed that (GT) 13 allele restricted the intracellular replication of Brucella organisms using an in vitro macrophage challenge study. On the contrary, Kumar et al., 2005 and Paixao et al., (2007) demonstrated a lack of association of 3′ UTR polymorphisms with the resistance against bovine brucellosis. On the other hand, Capparelli et al., (2007a Capparelli et al., ( , 2007b reported a significant association of polymorphisms at 3′ UTR of SLC11A1 gene with resistance/susceptibility to brucellosis in buffalo. Nevertheless, polymorphisms in other regions of SLC11A1 gene can serve as a potential marker (Liu et al., 1995; Abel et al., 1998; Bellamy et al., 1998) . Additionally, Martinez et al. (2008a) identified novel polymorphisms in exons of the Slc11A1 gene, based on GenBank accession number AC149748, and on information previously reported by Coussens et al. (2004) . Further, TM4 is known to play an important role in positioning the NRAMP1 protein within the phagosomal membrane (Malo et al., 1994) . Prakash et al., (2014) reported that SNPs of TLR4 gene, at TLR4 (+10 C/T) locus the frequency of 'C' allele versus 'T' was significantly higher in brucellosis positive cattle with its OR of 4.73. Similarly, TLR4 (+399 C/T) locus revealed that frequency of 'C' allele versus 'T' allele was significantly lower in affected cattle with its OR 0.13. Results also underscored the importance of cytokines and their receptors in conferring protection against brucellosis and warrant further functional characterization of these associations. Total three genotypes (GG, CG, CC) were found at SLC11A1 (+1066 C/G) locus and were significantly differing in brucellosis affected cattle as compared to negative control cattle where the odds ratio of CG and CC genotypes versus GG genotype for were 0.31 and 0.18. It indicated that GG genotype was responsible for susceptibility and CC genotype conferred resistance for brucellosis. At TLR1 (+1446 C/A) locus the odds ratio of AC genotype versus CC genotype was 0.24 in case (brucellosis) which revealed that relative proportion CC genotypes was significantly higher in case population than control population whereas, AA genotype was exclusively present in only one brucellosis positive animal and was totally absent in control population and its OR was towards infinity. It indicated that CC genotype at TLR1 (+1446 C/A) locus was responsible for increasing relative risk of bovine brucellosis and hence selection against CC genotype may reduce sero-prevalence of brucellosis in cattle.
Bovine tuberculosis
Bovine Tuberculosis is caused by M. bovis, which is an obligate aerobic, facultative intracellular parasite, usually of macrophages.
Although cattle are considered to be the true hosts of M. bovis, the disease has been reported in many other domesticated and nondomesticated animals. Genes involved in recognition of components of Mycobacterium bovis and subsequent activation of both innate and adaptive immune response have been investigated as potential strong candidates for genetic basis of resistance. Polymorphisms of the SP110 nuclear body protein (SP110) gene have been reported to be associated with tuberculosis (Tosh et al., 2006) . However in case of SNPs rs41256732 and rs134537150 of SP110 and SNPs rs137338039 and s208436798 of DC-SIGN gene, the genotype as well as allele had non-significant effect on occurrence of bovine tuberculosis (Baqir et al., 2015) . At rs109915208 locus the genotypic as well as allelic frequencies were differing significantly in case-control animals where the odds ratio (OR) of 'CC' verses 'CT' genotype and the OR of 'C' verses 'T' allele were approaching towards infinity, suggesting that animals having 'CT' genotype and 'T' allele were less susceptible for tuberculin reaction as compared to their contemporary genotype/allele . In TLR2 gene, two of SNPs under study (rs55617172 and rs68268253) revealed polymorphism while in the case of TLR4 gene all four SNPs under investigation (rs8193041, rs207836014, rs8193060, and rs8193069) were found to be polymorphic in case-control population. SNP locus rs55617172 in TLR2 gene was found significantly (p<0.01) associated with susceptibility/resistance to TB in cattle (Bhaladhare et al., 2016) . Chauhan et al., 2016 reported that expression of candidate gene CXCR3 was significantly upregulated (5.22 fold) in PBMCs of M. bovis infected cattle vis a vis healthy controls. In TLR9 gene, SNP loci rs210982793 and rs207807011 were significantly associated with susceptibility to bovine tuberculosis in the case control population. At SNP locus rs210982793, probability values showed that the genotype (P = 0.01) as well as allele (P <0.01) had significant effect on occurrence of bovine tuberculosis. The odds of CC and CT genotypes verses TT were close to zero, revealing that TT genotypes were relatively more resistant to bTB in comparison to other two genotypes. The OR of A verse G was 0.27 revealing lower susceptibility of A allele with bTB in comparison to G allele at TLR9-A1433G locus. The OR of AG versus GG was 0.19 which suggested that AG genotype were less susceptible to tuberculosis as compared to GG. Both these SNPs loci were nonsynonymous, thus suggestive of their functional role in the immune response against bovine tuberculosis. (Bhaladhare et al.,2018) . In an investigation on association between polymorphisms in TLR2 of Chinese Holstein cattle and susceptibility to bovine tuberculosis, the allele and genotype distributions of A631G (rs95214857) and T1707C (rs1388116488) were not different between case and control groups, indicated that these SNPs were not associated with susceptibility to BTB (Zhao et al., 2017) . Using microarray analysis, Shukla et al., 2017 identified TLR2, CD80, NFKB1, IL8, CXCL6 and ADORA3 as putative candidate genes based on differential gene expression in Mycobacterium bovis challenged monocytederived macrophages of cattle. In study aimed to investigate the effect of four SNPs (G1793A, C1859A, A1980G, G1934A) in toll-like receptor 6 (TLR6) on bovine tuberculosis (bTB) resistance in Chinese Holstein cattle in a case-control study. Genotype frequencies of C1859A and A1980G site differed significantly between bTB-infected and non-infected cows. Relative risk of tuberculosis incidence result showed that genotypes of AA or CA had greater relative risk than those with genotype CC at C1859A site between bTB-infected and noninfected animals. Genotypes of GG or GA had greater relative risk than those with genotype AA at A1980G site. No significant association can be inferred from G1793A and G1934A polymorphism site. Significantly increased BTB susceptibility was evident in T allele carriers of -5C/T, G allele carriers of 613G/A and TG haplotype carriers of both SNPs in the CD14 gene in Chinese Holstein cows. These results suggested that -5C/T and 613G/A are risk factors for BTB in Chinese Holstein cattle and might be used as candidate genetic markers in breeding cows with natural resistance to BTB (Xue et al., 2018) . Casecontrol association testing and statistical analysis identified six SNPs associated with susceptibility to BTB in Chinese Holstein cows. The frequency of genotypes C/T, A/G, A/G, A/G, C/T, and A/G in E4 (-37), 208, 1644, 1648, 1799, and E10 (+107), respectively, was significantly higher in cases than in controls, and also the alleles C, A, A, G, T, and A, respectively, were associated with a greater relative risk in cases than in controls. The distribution of two haplotypes, TGGACA and CAGACA, was significantly different between cases and controls. Overall, this case-control study suggested that E4 (-37)(C/T), 208(A/G), 1644(A/G), 1648(A/G), 1799(C/T), and E10 (+107)(A/G) in the CARD15 gene were significantly associated with susceptibility to BTB in Chinese Holstein cows and that haplotypes TGGACA and CAGACA could be used as genetic markers in marker-assisted breeding programs for breeding cows with high resistance to BTB (Wang et al., 2018) .
Paratuberculosis
Mycobacterium avium sub species paratuberculosis (MAP) is a facultative intracellular pathogen that causes Johne's disease (JD), a chronic granulomatous inflammation of the intestine characterized by persistent diarrhea, progressive wasting, and finally death. Loss due to reduced milk yields alone in case of Mycobacterium avium subspecies paratuberculosis (MAP) infected cows were reported to be Rs 54,442.5 /cow/lactation in India (Rawat et al., 2014) . Reports are available about association study of bovine paratuberculosis with candidate gene polymorphism (Ruiz et al., 2007 , Settle et al., 2009 , Koets et al., 2010 . Ruiz et al., (2007) reported that SNP N23 of Nramp1 (located in the BTA2 and comprises 15 exons) was genetically associated with resistance to the paratuberculosis infection (P=0.0478). Koets et al., (2010) reported that the TLR2-1903 T/C SNP was significantly associated with resistance to MAP where cows with CT and CC genotypes were at 1.7 (95% CI: 1.2, 2.8) times the odds of being MAP infected compared to cows with the TT genotype. Pant et al., (2010) reported 22 SNPs on 7 different chromosomes significantly associated with the disease trait using this genome-wide threshold. characterize the distribution of polymorphisms in the bovine CARD15 gene and test their association with paratuberculosis infection in cattle. reported a significant association between infection status and BoIFNGSNP12781 and SLC11A1-275-279-281 microsatellites. Verschoor et al., (2010) that SNPs in IL10RA are associated with MAP infection status in dairy cattle. Pant et al. (2011) reported four SNPs in IFNGR2, IL12RB1, IL12RB2, and IL23R were found to be associated with the MAP infection status of the resource population. In a case: control association study conducted in cattle using 20 SNPs selected from the cattle QTL database on the basis of the potential role in mycobacterium susceptibility, SNP (rs41945014) was significantly associated with MAP and revealed that ODDs of GG and GT genotypes verses TT genotype were 1.22 and 3.37 respectively. The proportion of GG and GT genotypes were significantly higher in bovine paratuberculosis positive animals suggested that selection against these 2 genotypes may confer resistance against bovine paratuberculosis 
Mastitis
Genes associated with immune responses of mammary gland are potential genetic markers because of their importance in mastitis. Besides, genes associated with neutrophil function are potential genetic markers for mastitis, as neutrophil migration from blood to the sites of infection is essential for resolution of most mastitis pathogens (Paape et al., 2000) . Non-significant associations were found between SNPs of cytokine genes (IFNG -639 T/C; IFNG +432 G/A; IFNGR1 +132 G/T; IFNGR1 +523 A/G) with somatic cell count and lactation persistency (Verschoor et al., 2012) . Homozygous genotype at TLR4 (+2021 C/T) locus was found to be significantly associated with incidences of mastitis (JiaPeng et al., 2010) . The polymorphisms in TLR4 (+1656 C/T) and TLR4 (+2021 C/T) loci were associated with estimated breeding values for lactation persistency, and somatic cell scores in the Canadian Holstein bull population (Sharma et al., 2006) . Paswan et al., (2005) reported nonsignificant effect of HaeIII and Rsa I patterns/genotypes of BoLA DRB3.2 alleles on SCC and SCS in crossbred cows. Nonsignificant associations were found between SNPs of cytokine genes (IFNG -639 T/C; IFNG +432 G/A; IFNGR1 +132 G/T; IFNGR1 +523 A/G) with somatic cell count and lactation persistency. Yuan et al. 2012 reported the combined genotype analysis of three SNPs (G22231T, T25025A and C28300A in bovine BRCA1 gene) and showed association of BBDDFF genotype with the highest SCS that indicated mastitis susceptibility. However, AACCEE genotype associated with the lowest SCS was favorable for the mastitis resistance. Asaf et al. 2014 reported that single nucleotide polymorphism rs109231409 located on mannose-binding lectins 1 (MBL1) gene was not associated with mastitis tolerance/susceptibility. , reported polymorphism of the BRCA1 SNPs, i.e., G22231T but reported no significant association with mastitis susceptibility in Vrindavani cattle by PCR-RFLP. Wang et al. 2007 reported A-G SNP at nucleotide 4525 in intron 1 of TLR4 gene and indicated that this variation might play an important role in bovine mastitis resistance.
Based on association with SCC, Ranjan (2014) , detected significant marker allele affecting the incidence of mastitis for markers DIK20, BM3 02, BM4505, CYP21 and BMS2684 in crossbred cattle. Gupta based on association with SCS detected significant microsatellite marker allele effect on the incidence of mastitis for marker BM1818 and BM1443 in Vrindavani crossbred cattle. Associations between leptin genotypes and SCC have also been reported in dairy cattle (Buchanan et al., 2003) . Kulig et al., (2010) reported that the R4C and Sau3AI polymorphisms significantly affected SCC (P ≤ 0.01) with C and T as a desirable allele, respectively. No associations were found between the A59V polymorphism and SCC in this study. However, all the genotype combinations (haplotypes) significantly affected this trait. The results indicate that selection for the R4C CC and Sau3AI TT animals might contribute to a reduction of SCC in Jersey cattle. Sequence comparison of buffalo with cattle reveals variation at five nucleotide sequences at positions 983, 1083, 1147, 1152, 1221 and all the SNPs are synonymous (Datta et al., 2012) . Sulabh et al., 2018 reported that peptidoglycan and lipoteichoic acid induces differential mRNA response of immune-related TLR-2, TNF-α, IL-8, IFN-γ and IL-10 genes in PBMC of Crossbred, Tharparkar Cattle and Murrah Buffalo. Lei et al., (2012) using PCR-RFLP with HaeIII enzyme reported that allele Hae III A was associated with susceptibility to FMD in Wanbei cattle whereas Hae III C was associated with resistance to FMD and may have a strong protective effect against FMD. Hae IIICC and Hae III BC genotype were associated with resistance to FMD. By contrast, Hae III AA genotype was associated with susceptibility to FMD (P < 0.01). Sequence analysis show that 89 amino acids were translated in exon 2 of BoLA-DRB3 and 13.70 % of nucleotide mutated, which resulted in 14.61 % of amino acid change. It indicated that Wanbei cattle had the ability of resistance to disease by mutation which result changes of the protein structure to perform the regulation of the cell using different signaling pathways in the long process of choice evolution. Gowane et al., (2013) reported that DRB3 alleles 0201, 0801 and 1501 always ranked high for protective immune response whereas alleles 0701, 1103 and 1101 consistently ranked low for unprotected immune response for all the three serotypes of FMDV in crossbred cattle vaccinated for footand-mouth disease. Chinsangaram et al., (2003) reported the IFN-α/β is an ideal candidate for rapid induction of FMDV resistance in animal. Singh et al., (2014) concluded that SNP G29A mutation in the 5 UTR of the ITGB6 gene (chromosome 2) associated with resistance to FMD infection in the zebu cattle.
FMD
Reports in other infections and immune response parameters
In bovines, bovine MHC (BoLA)-DRB gene had been implicated in the resistance and susceptibility to a broad range of diseases (Rupp et al., 2007) . MHC classes II BoLA-DRB3.2 genes polymorphic were correlated with resistance and susceptibility to the development of persistent lymphocytosis (PL) cased by bovine leukaemia virus (BLV) infection in cattle (Xu et al., 1993 , Zannoti et al., 1996 . Panei et al., (2009) identified 17 BoLA-DRB3 alleles defined according to the PCR-RFLP nomenclature and represented the distribution of the allele frequent in HolandoArgentino dairy cattle. Alleles BoLA-DRB3.2*11, *23 and *28 mediating resistance to PL and alleles BoLA-DRB3.2*22 and *24 mediating susceptibility to PL were observed, alleles BoLA-DRB3.2*25 and *40 also showed signification association to PL. The DRB3 polymorphism has also been observed to be associated with resistance or susceptibility to dermatophilosis, cystic ovarian and mastitis (Maillard et al., 1999 , Nassiry et al., 2005 . Martinez et al., (2006) reported BoLA-DRB3.2 (Chromosome 23) alleles association between BoLA marker-DRB 3.2allele, 18, 20, and 27 for lower tick numbers in a reference Holstein × GYR F2 population in Brazil can be used to help in the selection of animals resistant to tick infestation. Rodriguez et al., (2005) reported that the allele 128bp of DRBP1 locus and allele 152 bp of BM1815 may be involved in susceptibility to tick infestation in Holstein × Zebu animals. As a criterion of innate immunity development, Chaudhary et al., (2016) reported that levels of IgG in buffalo colostrums (before first milking) estimated by Indirect ELISA ranged from 11.22 to 185.1 mg/ml and mean IgG concentration in colostrum was 51.71 ± 5.99 mg/ml. In beta 2 microglobulin (β2M), a structural gene which acts as an integral component of FcRn (neonatal Fc receptor) heterodimer for its cell surface expression, two insertions and one deletion of nucleotides in the intronic and exonic regions of β2M gene in buffalo were observed in comparison to β2M gene of cattle. (Chaudhary et al.,2016) . The least square analysis of variance revealed a non-significant effect of dam β2M haplotype on IgG concentrations in colostrums (Chaudhary et al., 2018) . Similar non significant association between 2M haplotypes in buffalo calves with serum IgG concentration was also observed by Rajani et al., (2016) . reported differential expression profile of innate immune response genes including TLR2, NFKB1, TNF, IFNG, IL2, CXCR3, PRKCB1, RPS6KB2, STK17B and EEF1. Mishra et al., (2018) identified single nucleotide polymorphisms in 5' upstream region of bovine TLR4 gene affecting expression profile and transcription factor binding sites. These findings in TLR4 gene offer essential evidence that can be useful in future research exploring its role in immunity and TLR4 can be used as a marker for selection for disease resistance in bovines.
